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Description 

The present invention relates to a photocatalyst composition which is capable of imparting a stain-decomposing 
property, an antifogging property, a deodorant property, a mildewproof ing property and an antibacterial property to var- 
s ious substrate materials including glass and tiles and which is capable of effectively utilizing light energy such as sun- 
light, a process for its production and a photocatalyst composition-attached substrate. 

As environmental problems have become distinctive, stain proofing and mildewproofing of indoor and outdoor 
building materials such as glass and tiles, are desired, as well as deodorization in the indoor space. In the prior art in 
this field, it has been proposed to form on a substrate surface a semiconducting photocatalytic substance such as Ti0 2 
10 by spray coating, dip coating, spin coating or sputtering to impart a stain-decomposing property, a deodorant property 
or a mildewproofing property (JP-A-6-278241). 

However, the photocatalyst layer formed by such a conventional technique has not been fully satisfactory from the 
practical viewpoint, since the catalytic activity was inadequate, or the photocatalyst film strength was low, whereby the 
film was likely to be damaged or cracked. 
is Further. Ti0 2 or the like has a high refractive index, and thus, when a transparent thin film thereof is formed on a 
transparent substrate such as glass, strong interference fringes are likely to appear to cause an ornamental problem. 

Accordingly, it is an object of the present invention to provide a photocatalyst composition excellent in the photocat- 
alytic activities and having the strength of the photocatalyst layer improved. 

Another object of the present invention is to provide a photocatalyst composition which is free from strong irrterfer- 
20 ence fringes even when formed in a transparent thin film form on a transparent substrate such as glass. 

The present invention provides a photocatalyst composition comprising a semiconducting photocatalytic substance 
and fine oxide particles dispersed in the semiconducting photocatalytic substance, said photocatalyst composition hav- 
ing a band gap which is larger by at least 0.05 eV than the band gap of the semiconducting photocatalytic substance 
per se. 

as Further, the present invention provides a process for producing a photocatalyst composition, which comprises coat- 
ing on a substrate a coating liquid for forming a photocatalyst composition, comprising a material capable of forming a 
semiconducting photocatalytic substance and fine oxide particles dispersed in the material, to form a thin film, and then 
applying heat treatment thereto to obtain a photocatalyst composition having a band gap which is larger by at least 0.05 
eV than the band gap of the semiconducting photocatalytic substance per se. 

30 In general, when the band gap is large, the intensity of ultraviolet rays which are effectively used among the sun- 
light, decreases. However, the present invention provides a photocatalyst composition rich in the photoactivity even with 
a large band gap. Heretofore, a system comprising a semiconducting photocatalyst and an oxide, has already been 
known. For example. JP-A-8-1 64334 discloses a system having Ti0 2 particles incorporated into the matrix of a Si0 2 
sol, JP-A-8-228636 discloses a system having a photocatalyst supported on a St0 2 carrier, JP-A-8-1 96903 discloses 

35 a system having the surface of a porous body of e.g. Si0 2 coated with TiO z having a uniform pore size, and JP-A-7- 
1 13272 discloses a system having TIO2 particles blended to a moisture absorbent such as silica gel. However, in any 
one of these systems, no increase in the band gap takes place. 

Now, the present invention will be described in further detail with reference to the preferred embodiments. 

In the present invention, it is important that the band gap of the photocatalyst composition having fine oxide partj- 

40 cles dispersed therein, is larger by at least 0. 05 e V preferably at least 0. 1 eV, than the band gap of the semiconducting 
photocatalytic substance per se. 

By the above construction, it is possible to obtain a photocatalyst composition having high strength and having 
stainproofing, antifogging, mildewproofing, deodorant and antibacterial properties superior to P-25 (fine TO 2 powder 
manufactured by Nippon Aerozil K.K., band gap: about 3.2 eV) which has been so far believed to have the highest activ- 

45 ities. 

The semiconducting photocatalytic substance to be used in the present invention, is preferably an oxide semicon- 
ductor from the viewpoint of the chemical stability and photocatalytic activities, and it is preferably at least one member 
selected from the group consisting of Ti0 2 . Bi 2 0 3 , ln 2 0 3 . W0 3 , ZnO, SrTiOg, Fe^ and Sn0 2 . From the viewpoint of 
the chemical stability and safety, TiO z is particularly preferred. 
so As the material capable of forming the semiconducting photocatalytic substance, it is preferred to use a sol of the 
semiconducting photocatalytic substance or a precursor of the semiconducting photocatalytic substance (e.g. an 
organic metal complex). 

Namely, to suppress the growth of crystals by heat treatment, it is preferred to use, as the starting material, the one 
having no definite crystal structure or the one having a very small crystal size. 
55 The size of the starting material is preferably from 1 to 1 5 nm, more preferably from 1 to 1 0 nm. Further, the size of 
crystals of the semiconducting photocatalytic substance in the photocatalyst composition of the present invention, is 
preferably from 3 to 15 nm, more preferably from 5 to 15 nm. 

The method for preparing the semiconducting photocatalytic substance is not particularly limited. For example, a 
heat decomposition method or a sol-gel method may be mentioned. 
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The fine oxide particles to be dispersed in the semiconducting photocatalytic substance, are preferably at least one 
member selected from the group consisting of M 2 03, Si02. Sn0 2 , In^ and ZrOg. 

The method for preparing the fine oxide particles is not particularly limited. For example, a heat decomposition 
method or a sol-gel method may be mentioned. 
5 The shape of the fine oxide particles is preferably spherical, but may be various shapes such as a rod shape. The 
size of the fine oxide particles is not particularly limited. In a case where a transparent photocatalyst layer is to be 
formed, a size not to scatter light is required, and the average primary particle size is preferably from 1 to 200 nm, more 
preferably from 5 to 100 nm. 

The dispersed proportion of the fine oxide particles is preferably from 20 to 80 vol%, more preferably from 30 to 70 
w vol%, to the total of the semiconducting photocatalytic substance (calculated as the oxide) and the fine oxide particles. 
Hereinafter, the dispersed proportion (vol%) of the fine oxide particles will be shown by the proportion calculated as 
described above. 

If the dispersed amount of the fine oxide particles to the semiconducting photocatalytic substance is less than 30 
vol%, particularly less than 20 vol%, the increase of the band gap of the photocatalyst composition tends to be small. 
15 whereby the photocatalytic activities tend to be no different from the band gap of the semiconducting photocatalytic 
substance per se. and the strength tends to be inadequate. On the other hand, rf the dispersed amount of the fine oxide 
particles exceeds 70 vol%, particularly 80 vol%, the absolute amount of the semiconducting photocatalytic substance 
itself tends to be small, whereby the activities as the photocatalyst composition, tend to be low. 

The method for dispersing the fine oxide particles into the semiconducting photocatalytic substance, is not partic- 
20 ularly limited. However, it is preferred to disperse the fine oxide particles into the above-mentioned precursor or sol of 
the semiconductor photocatalyst, followed by baking. 

As the coating method, spray coating, flexo printing, dip coating, screen printing or spin coating may. for example, 
be employed. 

By forming a thin film by coating, followed by heat treatment under a suitable condition, it is possible to form on a 
25 substrate a photocatalyst composition having the band gap increased. 

With respect to the conditions for the heat treatment in the present invention, the temperature is preferably from 400 
to 700°C, and the treating time is usually within a range of from 5 minutes to 2 hours. The temperature profile may suit- 
ably be selected. 

The thickness of the thin film is practically preferably within a range of from 20 to 500 nm, since if the film thickness 
30 is thick, the strength tends to decrease although the photocatalytic activities will improve. 

The substrate to be used in the present invention is not particularly limited, and it may, for example, be glass, 
ceramics, metal or other inorganic material. The surface of the substrate may be the surface of the base material itself, 
or the surface of a material different from the substrate itself, such as the surface of the treated surface layer of surface- 
treated glass (e.g. the surface provided with a sol-gel film, a sputtered film, a CVD film or a vapor deposition film). The 
as shape of the substrate is not particularly limited and may be an optional shape depending upon the particular purpose, 
such as the one having a flat shape or the one having a curvature partially or over the entire surface. 

In the present invention, the mechanism in which the photocatalytic activities are improved by dispersion of fine 
oxide particles into the semiconducting photocatalytic substance, is considered to be as follows. 

In the process for producing the photocatalyst composition of the present invention, which comprises coaling on a 
40 substrate a coating liquid for forming the photocatalyst composition, comprising a material capable of forming a semi- 
conducting photocatalytic substance and fine oxide particles dispersed in the material, to form a thin film and then 
applying heat treatment thereto, the crystal growth of the oxide semiconductor during the heat treatment can be prop- 
erly suppressed by properly selecting the heat treating conditions. Such suppressing effects are particularly remarkable 
when the proportion of the fine oxide particles dispersed into the semiconducting photocatalytic substance is in a proper 
45 range. 

It has been found anew that as a result, crystals of the semiconducting photocatalytic substance in the photocata- 
lyst composition of the present invention become smaller than crystals of a semiconducting photocatalytic substance 
formed by heat treatment of a sol of the semiconducting catalytic substance per se or the photocatalyst precursor (e.g. 
an organic metal complex) per se (i.e. without incorporating fine oxide particles). 
so This phenomenon means that degeneracy is partially removed by reduction of the size of semiconductor particles, 
and the band structure is changed, so that the band gap increases, i.e. the position of the valence band lowers. Elec- 
trochemically, this means that the oxidation-reduction potential of the valence band becomes positive, so that the oxi- 
dizing power increases. From the reaction theory, this means that the photocatalytic activities of the semiconductor will 
improve. 

55 In the present invention, the mechanism of development of the antifogging property may be explained as follows. 
Namely, when the photocatalyst composition of the present invention is irradiated, holes will be formed in the valence 
band. These holes have a strong oxidizing power and will oxidize water molecules adsorbed on the photocatalyst sur- 
face, to form numerous OH radicals on the photocatalyst surface. The wettability of the surface is thereby improved to 
provide an antifogging property. Further, a stain on the surface will be decomposed and removed by the above-men- 
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tioned OH radicals having a very strong oxidizing power, whereby the wettability can be maintained for a long period of 
time. 

In the present invention, the increase in the strength of the photocatalyst composition having fine oxide particles 
dispersed in the semiconducting photocatalytic substance, is believed to be attributable to the fact that the fine oxide 
5 particles serve as a filler. 

Further, as mentioned above, during the heat treatment, the crystal growth of the oxide semiconductor is properly 
suppressed, and a firm bonding force will be formed between the fine oxide particles and fine crystals of the oxide sem- 
iconductor. 

Now, the present invention will be described in further detail with reference to Examples. However, it should be 
w understood that the present invention is by no means restricted to such specific Examples. 

EXAMPLE 1 

Spherical colloidal silica having an average primary particle size of 20 nm was dispersed in an aqueous solution of 
w titanium oxide sol (6 wt% as Ti0 2 ) so that the dispersed proportion would be 50 vol%. The dispersion thus obtained, 
was coated on a quartz glass substrate by spin coating and then subjected to heat treatment at 550°C for 1 hour to form 
a photocatalyst composition in a film thickness of 200+20 nm. With respect to this sample, 1) the band gap, 2) the pho- 
tocatalytic activity (constant for decomposing acetaldehyde). 3) the film strength (Taber abrasion test), 4) the antifog- 
ging property, 5) presence or absence of interference fringes, and 6) the size of crystals of the semiconducting 
20 photocatalytic substance in the photocatalyst composition, were evaluated as follows. 

1) The transmittance of ultraviolet light through this sample was measured, whereby a sharp absorption was 
observed from 370 nm towards a short wavelength side. From this result, the band gap of this photocatalyst com- 
position was found to be about 3.35 eV. 

25 2) To evaluate the photocatalytic activity of this photocatalyst composition, the photo-decomposition reaction rate 
of acetaldehyde as the main component for the bad odor of tobacco, was evaluated. The test was carried out in 
such a manner that a sample of 5 cm x 5 cm was put into a 3 1 angular reaction tube made of quartz, and acetal- 
dehyde vapor was introduced into the reaction tube. Then, black light was irradiated to the sample from the exterior 
so that the irradiation intensity of ultraviolet rays (365 nm) at the sample surface was 1.8 mW/cm 2 , whereby the 

30 decrease of acetaldehyde was measured by gas chromatograph, and constant for decomposition of acetaldehyde 
was determined. 

From the change with time of the decrease of acetaldehyde, the photo decomposition reaction was considered 
to be a zero order reaction, and constant k was calculated. As a result, constant k was 4.0 x 10" 4 mwot/(l • h 
•cm 2 ). 

35 3) The film strength of the photocatalyst composition was evaluated by a Taber abrasion test. The load was 500 g, 
and the test was carried out 1 ,000 times, whereby no substantial abrasion was observed. 

4) With respect to the obtained sample, the antifogging property was evaluated in terms of the initial antifogging 
property and the antifogging durability in accordance with the following methods. Namely, for the initial antifogging 
property, a breath was applied to the sample, and the time until the fogging completely disappeared, was meas- 

40 ured. The test was repeated 3 times, and the average time was examined, whereby no fogging was observed. For 
the antifogging durability, the sample was immersed in warm water of 60°C for 3 days, and then the average time 
until the fogging completely disappeared, was examined in the same manner as for the initial fogging property. As 
a result, no fogging was observed. 

5) With respect to the obtained sample, presence or absence of interference fringes was inspected, whereby the 
45 transparency was very high and no interference fringes were observed. 

6) The crystal size of the semiconducting photocatalytic substance in the photocatalyst composition was measured 
by the X-ray diffraction (XRD) analysis, whereby it was found to be 1 1 nm. 

EXAMPLE 2 

50 

A sample was prepared and evaluated in the same manner as in Example 1 except that instead of the colloidal sil- 
ica used in Example 1 , a rod-shaped colloidal alumina having an average primary particle size of 1 0 nm and an average 
primary particle length of 100 nm, was dispersed so that it would be 50 vof%. 

55 EXAMPLE 3 

Using a toluene solution of [CHgfCHgfeCHtCaHsJCOOkTi (titanium 2-ethylhexanoate) (5 wt% as TiO^, as a tita- 
nium oxide precursor, colloidal silica having an average primary particle size of 1 1 nm dispersed in ethanol, was added 
so that it would be 40 vol%, to obtain a dispersion. The dispersion was coated on a quartz glass substrate by spin coat- 
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ing and then subjected to heat treatment at 550°C for 1 hour to form a thin film of a photocatalyst composition. With 
respect to the obtained sample, evaluation was carried out in the same manner as in Example 1 . 

EXAMPLE 4 

5 

A sample was prepared and evaluated in the same manner as in Example 3 except that 40 vol% of colloidal silica 
in Example 3, was changed to 85 vol%. 

EXAMPLE 5 

10 

A sample was prepared and evaluated in the same manner as in Example 3 except that instead of the colloidal sil- 
ica in Example 3, zirconia powder having an average particle size of 20 nm was added so that it would be 40 vot%. 

EXAMPLE 6 

75 

A sample was prepared and evaluated in the same manner as in Example 1 except that instead of the colloidal sil- 
ica in Example 1, a water-soluble Sn0 2 sol was dispersed so that it would be 45 vol%. 

EXAMPLE 7 

20 

A sample was prepared and evaluated in the same manner as in Example 1 except that instead of the colloidal sil- 
ica in Example 1 , fine ln 2 0 3 powder having an average primary particle size of 20 nm was dispersed so that it would be 
60vol%. 

25 EXAMPLE 8 (COMPARATIVE EXAMPLE) 

A sample was prepared and evaluated in the same manner as in Example 1 except that in Example 1 , no colloidal 
silica was incorporated. 

With respect to the sample obtained in Example 8, the transmittance of ultraviolet light was measured, whereby a 
30 sharp absorption was observed from 393 nm towards a short wavelength side, whereby the band gap of this photocat- 
alyst was found to be about 3.16 eV. 

Further, in Example 8, as a result of the Taber abrasion test, abrasion of the film was substantial after repeating the 
test 1 ,000 times, whereby the substrate was almost exposed, and the Ti0 2 layer formed on the quartz glass substrate 
had strong interference fringes due to the high refractive index of Ti0 2 . 
35 The results of evaluation of the samples of Examples 1 to 8 are summarized in Table 1 . The unit for the band gap 
in Table 1 is eV, and the unit for constant (constant for decomposition of acetakJehyde) is mmol/{t • Ih • cm 2 ). The film 
strength represents the degree of abrasion, and the unit for the initial arrtifogging property and the antifogging durability 
is seconds (the average time until the fogging completely disappeared). No fogging is represented by (-). The interfer- 
ence fringes were evaluated as to presence or absence, and a case where transparency was high and no interference 
40 fringes were observed, is indicated by "absence''. The crystal size is meant for the crystal size of the semiconducting 
photocatalytic substance in the photocatalyst composition. 
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Table 1 



5 


Example No. 


Band gap 


Constant 


Film strength 


Initial antrfog- 
ging property 


Arrtifogging 
durability 


Interference 
fringes 


Crystal size 
(nm) 




1 


3.35 


4.0x1 0" 4 


No substan- 
tial abrasion 






Absence 


11 


10 


2 


3.30 


3.4x1 or 4 


No substan- 
tial abrasion 






Absence 


12 




3 


3.32 


3.7x10"* 


No substan- 
tial abrasion 






Absence 


11.5 


15 


4 


3.37 


1.5x10™* 


No substan- 
tial abrasion 


5.0 


4.2 


Absence 


10 




5 


3.37 


4.2x1 0" 4 


No substan- 
tial abrasion 




2.4 


Absence 


10 


20 


6 


3.30 


4.0x1 0" 4 


No substan- 
tial abrasion 




1.2 


Absence 


12 




7 


3.33 


3.5x1 0" 4 


No substan- 
tial abrasion 






Absence 


11.5 


25 


8 


3.16 


1.0x10" 4 


Substantial 
abrasion 


6.8 


12.1 


Presence 


20 



As described in the foregoing, the photocatalyst composition of the present invention is excellent in the photocata- 
30 lytic activity and has excellent film strength. Further, the present invention provides a photocatalyst composition which 
is free from interference fringes even when formed in a transparent thin film shape on a transparent substrate such as 
glass. 

Claims 

35 

1. A photocatalyst composition comprising a semiconducting photocatalytic substance and fine oxide particles dis- 
persed in the semiconducting photocatalytic substance, said photocatalyst composition having a band gap which 
is larger by at least 0.05 eV than the band gap of the semiconducting photocatalytic substance per se. 

40 2. The photocatalyst composition according to Claim 1. wherein the semiconducting photocatalytic substance is at 
least one member selected from the group consisting of Ti02, Bi 2 03, '"feC^, W03> ZnO, SrTi0 3 , Fe20 3 and Sn0 2 . 

3. The photocatalyst composition according to Claim 1 or 2, wherein the fine oxide particles are at least one member 
selected from the group consisting of Al 2 0 3 , Si0 2 , Sn0 2 , ln 2 0 3 and Zr0 2 . 

45 

4. The photocatalyst composition according to Claim 1 , 2 or 3. wherein the dispersed proportion of the fine oxide par- 
ticles is from 20 to 80 vol% to the total of the semiconducting photocatalytic substance and the fine oxide particles. 

5. A process for producing a photocatalyst composition, which comprises coating on a substrate a coating liquid for 
so forming a photocatalyst composition, comprising a material capable of forming a semiconducting photocatalytic 

substance and fine oxide particles dispersed in the material, to form a thin film, and then applying heat treatment 
thereto to obtain a photocatalyst composition having a band gap which is larger by at least 0.05 eV than the band 
gap of the semiconducting photocatalytic substance per se. 

55 6. The process for producing a photocatalyst composition according to Claim 5, wherein a sol of the semiconducting 
photocatalytic substance or a precursor of the semiconducting photocatalytic substance is used as the material 
capable of forming a semiconducting photocatalytic substance. 

7. A photocatalyst composition-attached substrate comprising a substrate and a photocatalyst composition formed on 
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the substrate, wherein the photocatalyst composition comprises a semiconducting photocatalytic substance and 
fine oxide particles dispersed in the semiconducting photocatalytic substance, and the photocatalyst composition 
has a band gap which is larger by at least 0.05 eV than the band gap of the semiconducting photocatalytic sub- 
stance perse. 

8. The photocatalyst composition-attached substrate according to Claim 7, wherein the semiconducting photocata- 
lytic substance is at least one member selected from the group consisting of Ti0 2 , Bi 2 0 3 , ln 2 0 3 , WO3, ZnO, 
SrTi0 3 . Fe20 3 and Sn0 2 . 

9. The photocatalyst composition-attached substrate according to Claim 7 or 8, wherein the fine oxide particles are at 
least one member selected from the group consisting of A£ 2 0 3 , SiC^, Sn0 2 , In^ and Zr0 2 . 

10. The photocatalyst composition-attached substrate according to Claim 7, 8 or 9, wherein the dispersed proportion 
of the fine oxide particles is from 20 to 80 vol% to the total of the semiconducting photocatalytic substance and the 
fine oxide particles. 
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